and urine must be developed so that correlations between phannacological and biochemical activity may be demonstrated.
Retinal Microembolil by P S Ramalho MD,5 C T Dollery MRCP, D W Hill FRcs and J W Paterson ssc MRcP (Department ofMedicine, Postgraduate Medical School, London) and P Henkind MD Msc (opth) (Department ofPathology, Institute ofOphthalmology, London) Occlusion of blood vessels by thrombosis or embolism is common but the study of the events that follow is difficult because most of the techniques that can be used are indirect. The retinal blood vessels have the advantage that they are accessible in the intact animal and form virtually a vascular monolayer. We have used the retinal circulation of the pig to study the circulatory and pathological changes that follow acute obstruction of arterioles by glass microspheres injected into the carotid artery.
The pig is a suitable animal because it has a retinal circulation somewhat resembling that found in man. Under antsthesia its eye can be photographed using the same apparatus and methods used in man (Dollery et al. 1962) . In this study we took colour photographs and fluorescence angiograms on 35 mm film at repetition rates up to 4 per second and 16 mm cine films at up to 64 frames per second. Ophthalmoscopic Appearancefollowing Embolism The glass spheres (25 to 40 ,u diameter; for details see Ashton & Henkind 1965) are visible in the retina as bright sparkling dots. Immediately after they come to rest in an arteriole the distal blood column becomes narrower, darker and segmented. At this stage the retina has a normal appearance but, usually, within three to forty-five minutes a greyish-white discoloration appears within the territory of the blocked vessel. The greyish-white area may disappear during the following twenty- four hours or develop into a lesion whose appear ance closely resembles a cotton-wool spot in the human retina. The emboli often move farther down the arteriolar tree over a period of hours or days following injection. They do not cause vascular thrombosis.
Cotton-wool spots in the pig retina fade within four or five days leaving behind a faint white granularity. Blot hiemorrhages appear in a small proportion of the embolized retinie but they are not closely related topographically to cotton-wool spots.
Flow Changes Fluorescence angiograms reveal that the glass emboli usually occlude the vessel in which they lodge. The distal part of the arteriole and the capillary bed which it supplies do not fill with dye at the same time as the rest of the retina (Fig 1) . It might be inferred that this section of the vessel is not perfused. However, dye passes through capillary collaterals around the edge of the ischiemic zone and fills the arteriolar tree, distal to the embolus, retrogradely from the periphery (Fig 2) . Capillary collateral flow occurs as soon as the vessel is blocked, although the volume of the collateral flow is only a small percentage of the normal forward flow.
Over a few days the collateral flow increases by growth of arteriolar collaterals that appear to make use of the existing capillary collateral pathways.
Immediately after embolism a large area of retina is poorly perfused, but a few days later the flow may be almost normal. Two mechanisms play a part: the movement of emboli into more distal positions, and the formation of arteriolar collaterals.
Capillary dilatations or microaneurysms have not been observed although they would have been easily visible, if present. Leakage of dye occurred from arterioles containing emboli, particularly from those segments of the vessel which had been traversed by emboli after they had first firmly lodged, but the capillary bed in the leaking area was not closed.
Relevance to ClinicalProblems
Similar mechanisms appear to operate in man (Jensen 1938) . Opportunities to observe acute vascular occlusion in the human eye are few but we had the opportunity to study, in consultation with Dr M Harington, a patient with a relatively recent arteriolar occlusion caused by vasculitis retinm. The appearances were very similar to those observed experimentally. A wedge of retina downstream to the block appeared unperfused at an early stage (Fig 3) but later the arteriole filled through tortuous peripheral collaterals (Fig 4) .
